Introduction
The acquisition of motility and fertilizing capacity by spermatozoa during their maturation in the epididymis is accompanied by structural and biochemical changes to the nucleus, mitochondria, acrosome, and plasma membrane (reviewed by Bedford, 1975 Hamilton, 1978;  Nicolson, Brodginski, Beattie & Yanagimachi, 1979; Oliphant & Singhas, 1979; Vierula & Rajaniemi, 1980;  Voglmayr, Fairbanks, Jackowitz & Colella, 1980; Young & Goodman, 1980; Jones, Pholpramool, Setchell & Brown, 1981 ;  Olson & Danzo, 1981) , freeze-fracture analysis (Koehler, 1970; Flechon, 1974; Suzuki & Nagano, 1980) , and the binding of lectins and antibodies to membrane antigens (Barker & Amann, 1971 ;  Lea, Petrusz & French, 1978; Moore, 1980; Koehler, 1981 ;  Jones & Brown, 1982) have indicated that there is a significant re-organization of the structure of the sperm plasma membrane during maturation. Although changes to the plasma membrane are probably only one facet of the overall maturation process, it is to be expected that they will have significant consequences for intracellular events, e.g. by regulating membrane permeability.
Several workers have reported an alteration in the protein composition of spermatozoa during epididymal maturation (Lavon, Volcani & Danon, 1971 ;  Brooks & Higgins, 1980; Olson & Danzo, 1981) . However, accurate identification and quantitation of these changes and information on the organization of proteins in membranous elements is lacking. The aims of the present investigation therefore, were (a) to document any differences between testicular and epididymal (cauda) rat spermatozoa with respect to the nature of proteins solubilized with detergents, and (b) to compare the disposition of proteins in the plasma membrane by using lactoperoxidase-catalysed iodination techniques. Hubbard & Cohn (1976) . To 1-0 ml of sperm suspension was added 3 µ glucose oxidase (14 m Sigma Units/µ : 0-12 pg protein; i.e. 1 unit will form 1 mg purpurogalin from pyrogallol in 20 sec at pH 6-0 and 20°C), 15 µ lactoperoxidase solution (365 m Sigma Units/µ : 75 µg protein ; i.e. 1 unit will oxidase 1 pmol ß-D-glucose to D-gluconic acid and H202 per min at pH 5-1 and 35°C), 5 µ glucose solution (0-56 m) and 50 pCi carrier-free 125I. The above solutions were added as hanging drops on the walls of the test-tube so that they could be mixed simultaneously. Controls contained all solutions except lactoperoxidase. At 1,2,5,10 and 20 min 2 20 µ portions were withdrawn, mixed with 100 µ 1-M-potassium iodide in 50 mM-sodium metabisulphite solution followed by excess cold (4°C) 10% trichloroacetic acid (TCA). Precipitated proteins were collected on glass-fibre filters (GF/C), dried, and counted in a gamma counter (Wallac Decem-GTL 300-1000 Series). In some instances precipitated proteins were delipidated by washing filters with 50 ml chloroform : methanol (2:1 v/v). The remaining spermatozoa were diluted with 5 volumes of sucrose buffer and washed through 6 ml 0-3 M-sucrose. Supernatants were removed and labelled proteins were extracted from spermatozoa as described below.
Suspensions of labelled sonicated spermatozoa were diluted with 10 volumes of sucrose buffer and centrifuged at 100 000 g for 60 min at 4°C. The clear supernatant was removed, the walls of the test-tubes wiped dry and the pellet extracted with detergents as described below. Preliminary experiments showed that when intact spermatozoa were treated in an identical fashion the pattern of labelled proteins obtained after separation on SDS polyacrylamide gels was identical to that found when spermatozoa were washed through sucrose.
Extraction of proteins from spermatozoa. Spermatozoa were extracted with 0-2% sodium deoxycholate in 0-264 M-sucrose buffer pH 8-0 at 4°C for 45 min and centrifuged at 1000 g for 10 min. The supernatants were removed, re-centrifuged at 10 000 g for 10 min and stored frozen at -20°C. The 1000 g sperm pellets were then re-extracted in 0-5 ml 1 -0% SDS in sucrose buffer pH 
Results

Evaluation of cellular integrity
Initial experiments were designed to evaluate procedures which would wash all unbound extracellular secretions from spermatozoa whilst preserving the integrity of the plasma membrane. The suitability of sucrose-based diluents for preserving the viability of spermatozoa and the efficacy of a sucrose gradient for removing seminal plasma have been investigated for a number of species (Harrison, Dott & Foster, 1978) : these procedures remove approximately 99% of extracellular secretions whilst preserving the motility and fertilizing ability of spermatozoa.
To check sperm integrity, we compared the profile of proteins that became iodinated on 'intact' spermatozoa with those that became iodinated on spermatozoa that had been damaged deliberately by sonication, the rationale of this being that sonication would expose intracellular membranebound proteins, e.g. on the nucleus, acrosome and mitochondria, which would be iodinated in addition to those on the plasma membrane. These intracellular proteins could then be used as markers for assessing cellular integrity. A total of 8 proteins were labelled on intact cauda epididymal spermatozoa when detergent-extracted proteins were separated on SDS polyacryl¬ amide gels (Text- fig. 1 (Jones, 1978) and it may be that they are secreted in a zymogen form, to be activated later by more favourable conditions of pH or calcium ion concentration, for example.
Significant differences between testicular and cauda epididymal spermatozoa were also apparent in the profile of proteins in a membrane preparation (PI. 2, Fig. 2 Fig. 2 ). We have shown that this protein possesses significant a-lactalbumin-like activity (Jones & Brown, 1982) . Its position on the cell surface suggests that it may be involved in regulating glycosylation of existing membrane proteins (Hamilton, 1981 ; Jones & Brown, 1982 Fig. 2 ), suggesting they are firmly bound to the plasma membrane. We have shown these proteins are homologous with the 2 androgen-dependent proteins synthesized and secreted in the caput epididymidis (Jones et al, 1980; Jones & Brown, 1982 (Juliano & Behar-Bannelier, 1975) , especially if the intracellular proteins label with higher specific activity than the plasma membrane proteins. This emphasizes the need to include controls consisting of cells that have been damaged deliberately to help identify those intracellular proteins that are susceptible to iodination, and then to use these proteins as markers for assessing membrane permeability. Furthermore, the deleterious effects of H202 and iodination on membrane proteins and lipids should be seriously considered in view of reports of lipid peroxidation (Welton & Aust, 1972) , cell cytotoxicity (Edelson & Cohn, 1973) and loss of viral infectivity (Brewer & Singer, 1974) after iodination. As little as 5 µ -202 added to liver microsomes caused significant lipid peroxidation and inhibition of cytochrome P450 (Welton & Aust, 1972) . In view of the toxicity of H202 to spermatozoa (VanDemark, Salisbury & Bratton, 1949; Wales, White & Lamond, 1958) and the unusual lability of their lipids to peroxidation (Jones & Mann, 1976) More proteins were iodinated on spermatozoa damaged by sonication than on spermatozoa whose integrity had been preserved. This suggests that these additional proteins are located on intracellular membranes or that sonication 'exposes' in some way proteins on the plasma membrane not normally available to lactoperoxidase. In view of the presence of significant amounts of intracellular membranes, e.g. acrosomal membranes, it is likely that many of these additional labelled proteins are internal to the plasma membrane. In none of our experiments with intact spermatozoa did we observe iodination of the 7 additional proteins found after sonication. The significant differences between testicular and cauda epididymal spermatozoa in the nature of the proteins iodinated suggest a substantial re-organization of the plasma membrane during maturation. Many plasma membrane proteins may not label because of the lack of exposed tyrosine or histidine residues or other problems associated with this technique (Hubbard & Cohn, 1976 (Jones et al., 1980 ) is tentative and must await immunological verification. It will be important in future work to determine the orientation of proteins in the plasma membrane, the sequence and precise region of the epididymis where the organizational changes are effected, and ultimately their relationship to the acquisition of motility and fertilizing ability by spermatozoa.
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